Objective: To describe the use of systemic therapy for psoriasis (biologic and nonbiologic [classic] drugs) in patients not adequately represented in randomized controlled trials (RCTs) and the risk of serious adverse events (SAEs) in these patients.
Conclusions:
Patients ineligible for RCTs are an important proportion (30%) of those receiving systemic therapy for psoriasis. These patients have a higher risk of SAEs and should be closely monitored. Patients exposed to biologics (whether these patients are eligible for RCTs or ineligible) are susceptible to the same increase in risk of SAEs, but biologics add to a higher baseline risk in patients who are ineligible for RCTs. The risk-benefit ratio in ineligible patients receiving biologics might be different from the ratio in eligible patients.
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1,2 Several systemic therapies are available for the treatment of moderate-tosevere psoriasis. Methotrexate sodium, cyclosporine, and retinoids are the main classic therapies; biologics are a newer group of drugs with different, immune-centered mechanisms of action. Given their frequent and long-term use, safety of systemic treatments for psoriasis is a relevant issue. 3, 4 Knowledge about the safety of systemic drugs in psoriasis, especially biologics, has been obtained mainly from randomized controlled trials (RCTs) or their extensions. 5, 6 A meta-analysis 5 of RCTs of biologics for any indication has shown that they are associated with adverse events more frequently than the control agents are, although the rate of serious adverse events (SAEs) was not statistically significantly different between biologics and controls. However, patients enrolled in RCTs are selected using inclusion and exclusion criteria that aim to, among their other goals, avoid risks to participants. 7 When drugs are approved and prescribed in clinical practice, they are administered to more varied patients, including some who might not be adequately represented in RCTs and for whom RCT results on efficacy and safety might not apply.
Registries may be more representative of clinical practice. 9 Some rheumatology studies 10 have shown that many patients who are treated with biologics would not be eligible for RCTs and explored the differences between patients enrolled in RCTs and those receiving these drugs in clinical practice. Efficacy of anti-tumor necrosis factor drugs in rheumatoid arthritis was lower in patients not eligible for RCTs. 11, 12 Overall, the risk-benefit ratio in the realworld setting could be worse than in RCTs.
The Spanish Registry of Adverse Events Associated With Biologic Drugs in Dermatology (BIOBADADERM) includes patients with psoriasis who are receiving systemic therapy, including biologics. The goal of BIOBADADERM is to document safety outcomes. We used this registry as the source of data for this study.
Our objective was to describe the proportion of patients receiving systemic drugs for psoriasis in clinical practice who were not adequately represented in RCTs, a change in the proportion over time, and whether these patients have a different risk of SAEs. A secondary objective was to evaluate differences in the risk of SAEs associated with the administration of biologics in patients not represented in RCTs.
METHODS
A description of BIOBADADERM has been published. 13 Thirteen dermatology departments, widely distributed across Spain, participate in this registry. Biologics have been commercially available in Spain since 2005. Package information indicates that they should be used after failure of classic systemic therapy, and some hospitals have additional restrictions for prescription. The National Health System includes the cost of all study drugs in most circumstances. All BIOBADADERM data from January 1, 2005, to November 1, 2010, were included in this study. In participating hospitals, all patients receiving biologics were included in BIOBADADERM, as well as a systematic sample of patients receiving other systemic therapies (ie, the next patient who starts a systemic therapy for the first time). Only patients who did not agree to participate were excluded. The BIOBADADERM registry was started in October 2008. Because many patients in some centers received biologic drugs at the time that they joined BIOBADADERM, we accepted data collected retrospectively given that participating departments included all patients who had received biologics in the center, had all the required information, and had monitored patients at least twice each year. For this retrospective collection group, some centers included patients starting phototherapy as a comparison group for biologics, since those were the only patients systematically registered. From October 2008, the study included prospective data collection (66% of the total follow-up periods), and patients who had received phototherapy were not included.
The following data were collected systematically. At baseline, demographic data, diagnosis, and comorbidities were documented. For each new therapy that was started, we recorded the drug, start and discontinuation dates, and reasons for discontinuation. Data on adverse events were collected as they occurred, including date of occurrence, diagnosis using Medical Dictionary for Regulatory Activities (MedDRA, version 7.1; http: //www.meddramsso.com/index.asp) coding, concomitant therapies, severity, and outcome. (MedDRA terminology is the international medical terminology developed under the auspices of the International Conference on Harmonization of Technical Requirements for Registration of Pharmaceuticals for Human Use.) Patients must have been contacted at least once each year, although more frequent visits are usually part of their standard care. A patient diary, with questions relevant to detect SAEs, is also used to improve outcome reporting. Once a year, data are validated by on-site audits mainly focused on measure of drug exposure and SAEs and review of the entire record for a sample of patients. In case of inconsistency between the documents, information from the patient records was accepted as true.
Following the International Conference on Harmonisation E2A Guideline, 14(p3) an SAE is defined as "any untoward medical occurrence that at any dose results in death, is life-threatening, requires inpatient hospitalization or prolongation of existing hospitalization, results in persistent or significant disability/ incapacity, or is a congenital anomaly/birth defect." Serious adverse events were reviewed to avoid duplicates, as some of them were part of the same pathologic process (ie, melanoma and metastasis or diplopia and neurodegenerative disease), and we included the time of the first sign and the most general name.
To define patients not eligible for RCTs, we reviewed the inclusion and exclusion criteria of RCTs included in a recent systematic review 4 of systemic therapy for psoriasis, including biologics and nonbiologic agents, and selected the most common exclusion criteria. Twenty-four RCTs were included in the metaanalysis in this review. Some articles did not fully describe selection criteria but used expressions such as "key exclusion criteria were" or "included patients were candidates for systemic therapy." Description of hepatitis B virus infection as an exclusion criterion was frequently inadequate, without making a clear distinction between active and past infection. The factors that we chose were elderly age (Ͼ70 years) (reported to be an exclusion criterion in 12 of the 24 RCTs); type of psoriasis different from plaque psoriasis (21 RCTs); history of infection caused by hepatitis B, hepatitis C, or human immunodeficiency viruses (19 RCTs); history of cancer (excluding nonmelanoma skin cancer) (17 RCTs); and chronic renal or hepatic disease (18 RCTs) .
Because the original aim of BIOBADADERM was to compare risks of biologics with those of classic systemic therapy, we defined periods of exposure to classic systemic therapy as the time from a patient's entry into the cohort (on the basis of first administration of a classic systemic therapy) to their first exposure to biologics, censoring date, death, or November 1, 2010, whichever occurred first. Patients' exposure to biologics in each treatment cycle was defined as the time from the first administration until twice the drug's half-life after the final dose of that cycle. An adverse event was considered to be temporally related to a drug if there was overlap between the time of exposure and a lag window before the event. Lag windows can be observed at the BIOBADADERM website. 15 Most of these windows are longer than 30 days. The lag window is 90 days for infections and reaches a maximum of 5 years for neoplasms.
We used the unpaired 2-tailed t test and 2 test to compare baseline data. Univariable analysis consisted of description of frequencies and rates, both crude and stratified. Data across strata were compared using tests for heterogeneity and were combined, when there was no evidence of heterogeneity, using the Mantel-Haenszel method. Multivariable analysis consisted of Cox regression after graphically checking the proportional risks assumption. Confounding was explored by observing the change in each association after including the possible confounder in the model. To assess interaction terms, we included the interaction term in the model and evaluated the difference with the model without the interaction term using the likelihood ratio test. For missing data in the measured exposures, we took a conservative approach by considering that missing data were negative (ie, exposure had not occurred). We repeated the analysis on data with missing values and checked that none of the results was significantly changed. Sensitivity analysis was also performed excluding retrospectively collected data. All analysis was performed using commercial software (Stata 10.1; StataCorp).
The BIOBADADERM registry has been approved by the Hospital 12 de Octubre Ethics Committee, and all patients provided written consent to participate.
RESULTS

PARTICIPANTS
Patients are described in Table 1 , with statistically significant baseline differences indicated. Mean follow-up was 2.1 years (median, 1.9 years). Only 2 patients refused to participate in the study. The mean (SD) number of treatment cycles per patient during the study period was 1.6 (0.9; range, 1-8). Five percent of the treatment cycles were classic systemic therapies started after withdrawal of a biologic drug. These were excluded as control periods. Only 19 treatment cycles consisted of a biologic drug and a classic drug-these periods were considered as times of exposure to biologics. Further details have been published.
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PATIENTS NOT ELIGIBLE FOR RCTs: DESCRIPTION AND CHANGE
In all, 29.8% of the patients were ineligible for RCTs. The prevalence of factors leading to ineligibility for RCTs is detailed in Table 1 . The most frequent factors were treatment of psoriasis other than chronic plaque psoriasis (12.2% of patients), age older than 70 years (7.4%), chronic hepatic disease (5.9%), and history of hepatitis B infection (4.5%). Figure) .
OUTCOME: SAEs
Fifty-nine SAEs were reported during the study ( rates of SAEs were 14.4 (95% CI, 7.5-27.6) for patients exposed to classic systemic drugs and 27.0 (95% CI, 20.0-36.6) for those receiving biologics.
Clinical outcomes of SAEs are detailed in Table 2 . Overall, most patients (35 of 59 [59.3%]) recovered without sequelae; 12 (20.3%) had not recovered at the time of data collection, 9 (15.3%) recovered with sequelae, and 3 (5.1%) died, but none of the deaths was considered to be related to the drugs. Clinical outcomes distribution was similar for those eligible and ineligible for RCTs ( 2 , P=.99) and for those exposed and unexposed to biologics ( 2 , P=.53).
UNIVARIABLE ANALYSIS
We report the results of univariable analysis in Table 3 . Possible risk factors for SAEs (reasons for ineligibility for RCTs) were stratified on exposure to biologics with the aim of detecting interactions. Because results of none of the statistical tests for interaction was significant, even if we used a P=.10 threshold to take into account the low power of these tests, we report the overall incidence rate ratios (IRRs) for each risk factor, obtained using the Mantel-Haenszel method.
The crude IRR of SAEs for exposure to biologics in the whole data set was 1.90 (95% CI, 0.90-4.40).
MULTIVARIABLE ANALYSIS
We used Cox regression to further analyze the results from univariable analysis. Incidence rate ratios of SAEs for each risk factor, unadjusted and adjusted for exposure to biologics, were similar to those reported in the univariable analysis (within 10% variation) ( Table 3) . None of the likelihood ratio tests comparing models with and without interaction terms produced results that met the threshold of PϽ.10 (Table 3 ). A Cox model including ineligibility for RCTs and exposure to biologics produced adjusted IRRs of 2.6 (95% CI, 1.5-4.5) for ineligibility for RCTs and 2.3 (95% CI, 1.1-4.8) for exposure to biologics. Age was a very important risk factor; to check for the role of residual confounding when age was categorized in 2 groups, we used a model including age as a continuous variable. This confirmed that adding the other significant factors detailed in Table 3 to the model was associated with significant improvement using the likelihood ratio test, and significant risk factors were unchanged. A best-fit model obtained using backward selection included the variables ineligibility for RCTs, exposure to biologics, age older than 70 years, and previous infection with hepatitis B virus, but the IRR for each factor remained unchanged from those of univariable analysis.
SENSITIVITY ANALYSIS
We repeated the analysis without any modification in missing values and found no relevant changes in the results except for wider CIs. There were no significant differences in the rates of SAEs between prospectively and retrospectively collected data (P=.89). The results did not show relevant changes if only prospectively collected data were analyzed.
COMMENT
PREVALENCE OF INELIGIBILITY FOR RCTs
We have shown that 29.8% of the patients receiving systemic therapy for severe psoriasis in clinical practice in Spain were not adequately represented in RCTs. This large percentage did not change during the study and was not significantly different for patients receiving biologic vs classic drugs.
This finding might depend on the definition of ineligible patients. We believe that we used the less-biased approach to define this group. We selected all RCTs included in the only systematic review 4 that mixed biologic and nonbiologic therapies and used nearly universal exclusion criteria. Exclusion criteria in this review were homogeneous because all drugs in the quantitative analysis of the systematic review, except for fumaric acid derivatives, affect the immune system. A limitation is that there were no RCTs of retinoids, which are likely to have different exclusion criteria.
We believe that our study population is representative of the use of systemic therapy in Spain, with 29.8% of the patients being ineligible for RCTs. Some selection bias is possible because facilities participating in BIOBADADERM are mainly large dermatology departments, but they mostly serve as secondary care centers for psoriasis, receiving patients from their geographic area rather than from other dermatology departments. This percentage of ineligible patients might not be generalizable to other countries, since the prevalence of some of the ineligibility factors varies geographically (eg, percentage of elderly people or prevalence of chronic infections). However, we believe that the results reported herein are likely to be generalizable to most settings and that data on the risks associated with each factor are widely generalizable.
Our results suggest that once biologics were introduced into the market, they were administered to most patients in need of therapy, and there is no evidence of a precautionary, stepped-wedge introduction that took into account the limitations of generalizability of RCTs. This suggests the need for adjustments on both sides. Clinicians should be aware of this probably inappropriate extrapolation of results of RCTs to many patients in common clinical practice and should probably integrate information from different sources, such as registries. On the other side, as we increase our knowledge about the safety of new drugs, clinical trial investigators should use inclusion criteria that better fit the group needing therapy in the real-world setting.
RISK OF SAEs ASSOCIATED WITH INELIGIBILITY FOR RCTs
Patients not eligible for RCTs were more likely to experience SAEs. Among the ineligibility factors, previous cancer (excluding nonmelanoma skin cancer) and age older than 70 years showed significant associations with the risk of SAEs. Other factors were present in small percentages of the population, leading to wide CIs for the estimation of their risks. Numbers needed to treat to harm are fre- Abbreviations: MedDRA, Medical Dictionary for Regulatory Activities; RCT, randomized controlled trial; SAEs, serious adverse events. a The number of cases should not be assessed in terms of risk because the period at risk for each group was different. Because of the low number of cases, risk calculations for each group are not meaningful.
b Outcomes are indicated. If not specified, the patient recovered without sequelae. c Indicates SAE occurred while the patient was exposed to biologics. quently used to easily compare absolute risks of alternative therapies. They are not exactly applicable to our data because we cannot change the baseline characteristics of our patients, and numbers needed to treat to harm implies a causal relationship that might not be present in some of the reported associations; however, they serve the purpose of illustrating the absolute risks associated with each significant risk factor. If we treat 40 patients not eligible for RCTs (numbers needed to treat to harm; 95% CI, 23-130), we would observe 1 extra SAE in a mean follow-up of 2.1 years compared with eligible patients.
There are some limitations of this result. Because the measure of outcome was not blinded, information bias could explain part of the increased risks in the exposed groups. To minimize this effect, we used a clear-cut definition of SAEs that was reinforced by the researchers' training, use of a patient diary, and in situ monitoring of patient records. This possible information bias might not have the same effect for all exposures. In particular, being ineligible for RCTs might be less likely to cause information bias compared with being exposed to biologics. Our data collection form includes a question on causality of the adverse event as perceived by the treating physician. This question is not used for analysis; instead, it triggers a pop-up window reminding the physician of the compulsory reporting of treatment-related SAEs. We used these data as an indirect measure of information bias. Although none of the differences was statistically significant, physicians were more likely to think that SAEs were related to drug exposure in patients receiving biologics compared with classic drugs (54% vs 38%; 2 , P=.38) and were less likely to associate SAEs with drugs in patients not eligible for RCTs compared with those eligible (43% vs 61%; 2 , P=.18). Overall, we believe that information bias might slightly increase the reported risks in our study, but it is not likely to be a large effect and is probably less relevant for the effect of being ineligible for RCTs.
Another limitation of our study is that the exposures measured might be heterogeneous. We grouped several factors under the global definition of ineligibility for RCTs. Description of these causes showed that age and a history of cancer are the clearest risk factors for SAEs. Some of the nonsignificant results for other risk factors can be the result of low power to analyze individual factors (results were borderline significant for chronic renal or hepatic disease). This information should come from larger studies, longer periods of analysis of our study, or data aggregation as provided by networks such as the Psonet initiative. 16 Serious adverse events are a composite outcome made up of different outcomes. This might not be very helpful to improve our understanding of the pathogenesis of the events, but it has the advantages of providing more power to detect differences and of being a very relevant outcome for patients and clinicians.
Overall, age was the best predictor for SAEs, and studies on SAEs should always control for this variable. We used an arbitrary cutoff age of 70 years, which is what was used in the RCTs. Some of the effect of other risk factors could result from residual confounding by age because of such wide categories. We excluded this by multivariable analysis, showing that significant individual factors (eg, history of cancer) remained significant when age was added to the model as a continuous variable.
There were also some difficulties in comparing results on drug safety from our study with results from RCTs or their extensions. Unlike most RCTs and other previous studies, 3, 4 we considered patients receiving classic systemic therapy as a control group rather than a placebo group. Because classic systemic therapy is associated with SAEs, finding a significant difference in risks in our study was more unlikely. The most important limitation of our study is that risks in the control group were compounded by baseline risks owing to the characteristics of the patients and risks associated with the use of classic systemic drugs for treatment of psoriasis. These 2 sources of risk could not be analyzed individually in our study. It is likely that an important part of the risks associated with age and a history of cancer result from these patients being sicker, without being related to psoriasis or its treatment. However, the increased risk of SAEs is important information that should lead to more careful risk-benefit evaluation in this large group.
SUBANALYSIS: EFFECT OF BIOLOGICS ON THE RISK OF SAEs ASSOCIATED WITH INELIGIBILITY
Serious adverse events were more common in patients receiving biologics than in those receiving classic systemic therapy. The heterogeneity of exposure also affects this result. We grouped all classic drugs and all biologics, but different drugs might have different safety profiles. Again, sample size and the difficulties in linking SAEs to a specific drug kept us from analyzing SAE rates of the individual agents. This information should come from larger studies, a longer period of analysis of our study, or data aggregation as provided by networks such as the Psonet initiative. 16 Phototherapy was only marginally represented in our study, and at least psoralen-UV-A has a better known and probably better safety profile. 17 An important question in our study was to recognize a possible interaction between ineligibility for RCTs and exposure to biologics. We were unable to detect an interaction, even using PϾ.10 for determination. However, this interaction might exist; the power to detect it in our study was low. 18 This result means that we found no signs of biologics being intrinsically more dangerous (in relative terms) in patients ineligible for RCTs; however, use of these drugs adds (multiplying the rate of SAEs by 2.3) to a previously higher baseline risk in these patients.
In conclusion, 29.8% of the patients receiving a systemic drug for psoriasis have not been adequately represented in RCTs. This result underlines the need to move to more pragmatic RCTs evaluating treatment of psoriasis that represent the population in need of therapy and to recognize that safety data resulting from currently available RCTs are clearly not enough to answer frequent clinical questions. In particular, including elderly patients and those with psoriasis different from chronic plaque psoriasis in RCTs should be encouraged. Reporting should include subgroup analyses and enough data to allow for later meta-analysis. Patients who would not be eligible for RCTs, especially elderly individuals and those with a history of cancer, are more likely to experience SAEs and should be closely monitored. Biologics are associated with an increased risk of SAEs. We were not able to detect a significant difference in the risk associated with administration of biologics in patients ineligible for RCTs, but the riskbenefit ratio in these patients might be different from the risk in eligible patients and should be studied.
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